Hepatic progenitor cells (HPC) play important roles in both liver regeneration and carcinogenesis. Combined hepatocellular-cholangiocarcinoma (CHC), a malignant primary liver tumor with poor prognosis, is thought to be of HPC origin. However, the prognostic significance of this etiology is not well defined. Therefore, we retrospectively investigated the relationship of HPC-related pathological features and long-term outcome in patients with CHC in our department. In a cohort of 80 patients identified between 1997 and 2003, including 70 patients who underwent resection with curative intent, overall survival (OS) and disease-free survival (DFS) were correlated with the proliferative activity of nontumor ductular reaction (DR) and the expression levels of HPC and biliary markers including α-fetoprotein (AFP), keratin 7 (K7), keratin 19 (K19), oval cell (OV)-6, epithelial cell adhesion molecule (EpCAM), and c-Kit in both tumor and nontumor liver. We found that nontumor ductular reactions (DRs), specifically the proliferating cell nuclear antigen (PCNA) labeling index of the ductular reaction (PI-DR), a surrogate for transit-amplifying compartments, was an independent prognostic factor for both OS and DFS. By contrast, Address reprint requests to: Dong Wu, M.D., Ph.D., Department of Hepatic Surgery, Eastern Hepatobiliary Surgery Hospital, Second Military Medical University, 225 Changhai Road, Shanghai, 200438, China, wuyuz@yahoo.com.cn; or Lixin Wei, M.D., Ph.D., Tumor Immunology and Gene Therapy Center, Eastern Hepatobiliary Surgery Hospital, Second Military Medical University, 225 Changhai Road, Shanghai, 200438, China. wuyuz@yahoo.com.cn; fax: +86-65566349. * These authors contributed equally to this work.
intratumoral expression of only one marker, absence of AFP, was associated with OS. PI-DR was also independently associated with synchronous "multicentric occurrence" in hepatocellular carcinoma components, a feature of CHC that may predispose to metachronous multifocal tumorigenesis.
Conclusion-Proliferative ductular reaction related to HPC activation is associated with recurrence of CHC. Background HPC activation is strongly associated with multifocal occurrence and related tumor recurrence, highlighting the critical role of background liver disease, a "field effect," in the recurrence of CHC.
Hepatic progenitor cells (HPCs), which reside in Canals of Hering (CoH), when activated can give rise to ductular reactions (DRs). DRs correlate with the degree of inflammation and fibrosis in the course of many chronic human liver diseases. Because most of these diseases are strong etiological factors for primary liver cancer, activation of the HPC compartment has been strongly linked to hepatic carcinogenesis. 1 Progenitor cell-like features suggesting an HPC origin has been strongly associated with a poor prognosis in hepatocellular carcinoma (HCC). [2] [3] [4] Combined hepatocellular-cholangiocarcinoma (CHC) is a malignant primary liver tumor that contains elements of both HCC and intrahepatic cholangiocarcinoma (ICC). Although relatively rare among liver cancers, CHC has garnered recent attention due to its distinct pathological features suggesting an HPC origin, 5 aggressive biological behavior, and related poor clinical outcome. 6 Although a progenitor cell-like phenotype of CHC has been well established by morphological and immunohistochemical observations, 7, 8 and although certain clinical correlates of survival have been described, pathological correlates of clinical outcome have not been previously identified.
In the present study we performed a clinicopathological study on 80 patients with CHC who underwent hepatectomy to explore the prognostic predictive utility of intratumoral and nontumor pathological findings, focusing on HPC-related features. The study of nontumor transit-amplifying compartments is critical because such features may suggest a "field effect" 9 that predicts the development of metachronous tumor recurrence. We found that proliferative DRs in nontumor tissue were independent prognostic factors for both overall survival (OS) and disease-free survival (DFS) and independently associated with multicentric occurrence. 10 the primary tumor with negative microscopic margins ≥2 cm from the tumor and with no residual tumors indicated by ultrasonography and computed tomography (CT) scan within 1 month of initial surgery.
Follow-up and Detection of Recurrence
All patients were followed regularly every 2-3 months after surgery until study closure in July 2008 with serum α-fetoprotein (AFP)/CA19-9 and abdominal ultrasonography.
Progressive elevation of serum AFP/CA19-9 levels and/or ultrasonographic detection of a new hepatic lesion prompted hospitalization for confirmation of diagnosis and appropriate management, including repeat resection, radiofrequency ablation (RFA), transcatheter arterial chemoembolization (TACE), or supportive therapy. Recurrence was confirmed by contrast-enhanced imaging studies or cholangiography according to standard guidelines for HCC, 13 ICC, 14 or radiologic features of CHC described previously. 15 OS was defined as the interval between the dates of surgery and death, whereas DFS was defined as the interval between the dates of surgery and recurrence. If recurrence was not diagnosed, patients were censored on the date of death or the last follow-up. Clinical follow-up was not disclosed to laboratory personnel until statistical analysis.
Histopathological Diagnosis and Analysis
Histological staining methods and criteria for CHC diagnosis are presented in the Supporting Methods. Pathology specimens were independently evaluated by two experienced pathologists (W.M.C., M.H.Z.). The degree of inflammation and fibrosis was graded and staged according to the method of Ishak et al. 16 Because some cases showed marked geographical histological heterogeneity in differentiation, the histopathological grade of each tumor component was defined by the poorest degree of differentiation identified within the tumor. Histological grade of tumors was determined according to described schemas. 17 Multicentric occurrence (MO) 10, 18 was also assessed in HCC components. Briefly, MO was defined by the presence of either (1) at least two nodules that included an early tumor within a dysplastic nodule or without substantial destruction of the hepatic architecture (so-called "nodule in nodule" appearance) or (2) moderately or poorly differentiated tumors within a margin of a welldifferentiated tumor. Dysplastic foci or nodules were diagnosed following recent consensus guidelines. 19 
Immunohistochemistry and Evaluation
We performed immunohistochemistry on paraffin-embedded 4-μm sections of 80 CHCs from which both tumor and nontumor tissues (>2 cm away from tumor) were available, with antibodies summarized in Supporting Table 1 . A standard two-step immunoperoxidaselabeled protocol with goat antimouse/rabbit horseradish peroxidase (HRP) (EnVision, Dako, Glostrup, Denmark) was applied stringently on all slides. An overview of how immunostaining was evaluated is detailed in the Supporting Methods.
Evaluation of Reactive Lesions in Nontumor Liver
Cell types and reactive lesions were identified according to Roskams et al., 20 with some terminology variations. In our study the term ductular reaction is specific for reactive ductules with biliary/HPC phenotype arranged in an irregularly shaped structure residing along parenchymal-stromal boundaries. The description of terminology, morphology, and evaluation schema for these reactive lesions is detailed in Supporting Table 2 . In addition, proliferation rate in DR was evaluated by calculating the proliferating cell nuclear antigen (PCNA) labeling index. Specifically, 10 400× high-powered fields including epithelialstromal boundaries within each section were randomly chosen and captured. The same fields were captured in sequential serial sections stained with K7 for quantification of the number of reactive ductular cells (RDCs) in reactive ductules. 21, 22 The proliferation index of DR (PI-DR) was calculated as ratio between the number of PCNA immunoreactive nuclei and the total number of RDCs.
Double-Fluorescence Immunostaining
For antigen colocalization studies, double-fluorescence immunostaining of formalin-fixed, paraffin-embedded tissue was performed with a sequential fluorescent method as described. 8 Alexa488-conjugated goat antimouse IgG (Invitrogen, Carlsbad, CA) and Alexa568-conjugated goat antirabbit IgG (Invitrogen) were used as secondary antibodies.
To reduce autofluorescence, tissue sections were treated as described. 23 Immunofluorescence was observed with the Olympus IX-71. Under these conditions, single labeling appears green (Alexa488) or red (Alexa568), whereas colabeling appears to be yellow or orange.
Statistical Methods
We applied normality tests on all numeric variables before further analysis. Continuous normally distributed variables are summarized as mean ± standard deviation (SD) and represented graphically as mean with standard error of the mean (SEM) bar. Nonnormally distributed variables are summarized by median and range. To compare the means between groups, analysis of variance (ANOVA) or Student t test was performed. To determine differences of nonnormal variables between groups, medians were tested by Mann-Whitney U tests. The degree of association was determined by Spearman or Pearson correlation as appropriate. Methods for survival data analysis are described in the Supporting Methods. Collinearity was diagnosed among variables before all regression analyses. Reliability of the all models was then tested by residual or receiver operating characteristic (ROC) analysis. All analysis was carried out using SPSS software v. 12.0 (Chicago, IL) or R software (R Foundation, Vienna, Austria). P < 0.05 was considered significant.
Results

Clinical, Histological, and Follow-up Data
As shown in Fig. 1 , 88 Chinese patients were recruited. Four patients presenting with recurrent tumors and four patients whose nontumor tissues (>2 cm away from the primary tumor) were not available were excluded. Of the remaining 80 patients, 70 had undergone surgery with curative intent. None had received any preoperative antitumor treatment. Pathological specimens from 80 patients showed features of CHC with representative histology shown in Supporting Fig. 1 . Samples from 51 patients were assessed as "HCC-predominant," 18 "ICC-predominant," and 8 "intermediate area" predominant; the latter phenotype has been described as "CHC with stem-cell feature." 17 HCC and ICC components were equally dominant in three patients. "Antler-like" features representing a cholangiolocarcinoma (CLC) component was observed in 12 cases. Within ICC areas, four cases contained a component of squamous cell carcinoma and one case also contained sarcomatous changes. Within nontumor sections, 51 cases (63.8%) were confirmed as cirrhotic, whereas only two patients showed no fibrosis. Adjacent to tumors, foci or nodules (>1 mm) with dysplastic features were frequently observed. Large cell change (LCC) was found in 64 (80.0%) cases and small cell change (SCC) in 55 (68.8%). Coexisting dysplastic nodules (without distinguishing low grade or high grade) were found in 16 (20.0%) cases. Among patients undergoing noncurative resections (n = 10) the median survival was only 88 days. In the curative resection group (n = 70), probability of OS at 1, 3, and 5 years was 74.3%, 38.6%, and 30.0%, respectively. In all, 64 out of 70 (91.4%) patients developed intrahepatic recurrence (n = 63) and/or distant metastases (n = 4; three lung and one abdominal wall). The 1-, 3-, and 5-year probability of DFS was 41.4%, 18.6%, and 10.0%, respectively. After detection of intrahepatic recurrence, 31 patients received TACE and nine patients received repeat resection (two of whom after initial TACE). One patient received RFA. After repeat resections, seven patient samples were available for pathological evaluation, three of which revealed HCC with biliary differentiation, one HCC, two ICC, and one complete necrosis.
DR Is Observed in Nontumor Tissue From CHC Patients: Relationship With Background Transit-Amplifying Compartments
In nontumor K7 staining sections of the entire group (n = 80), all patients showed increased intensity of DR ( Fig. 2A) , with five patients in 1+ (≤10%), 11 patients in 2+ (10%-25%), 22 patients in 3+ (26%-50%), 42 patients in 4+ (≥50%). In the curative resection group, 37 of 70 (52.9%) showed 4+ (≥50%) in intensity of DR. In terms of PI-DR, which measured the proliferation status of DR, 21 of 80 patients (26.3%) had PI-DR ≥50%. In the curative resection group, PI-DR ≥50% was found in 19/70 patients (27.1%). Importantly, we observed some cases with intensive K7 staining DR (4+) showing a low level of PCNA staining, as shown in Fig. 2B . The observation of this dissociation of K7 expression and proliferation within DR was supported by statistical analyses across the cohort (r = 0.074, P = 0.512, Fig. 2C ). Around portal areas of nontumor sections stained with K7, HPCs can be observed with intensive staining in the CoH location. Intermediate hepatobiliary cells (IHBCs) were found around HPCs or in continuity with reactive ductules (Fig. 3A) . Epithelial cell adhesion molecule (EpCAM) or oval cell (OV)-6-positive hepatocytes were also observed (Fig. 3A,B ). K7-DR was only found associated with number of HPCs (r = 0.423, P < 0.001). By contrast, cases with high PI-DR were found not only to have increased number of HPCs (r = 0.714, P < 0.001), but also more IHBCs (r = 0.506, P < 0.001) as well as higher OV-6 expression in parenchyma (r = 0.514, P < 0.001). A subgroup of DR expressing Bmi-1 was also found with higher PI-DR (P < 0.001). To reduce the potential impact of unspecific proliferation stimulators or confounding factors, correlations were corrected for the PCNA labeling index within hepatocytes, necroinflammation score, stage of fibrosis, gender, age at surgery, status of virus infection, and chronic alcoholism. After correction, PI-DR was still significantly associated with all these factors (Fig. 3C ).
Cumulatively, these associations suggest that HPC activation is a dominant feature in background liver.
Consistent with prior studies, 1,24 both PI-DR and K7-DR correlated with hepatic inflammation as measured by the Ishak grade score (Table 2) . Correlations were also found between PI-DR/K7-DR and fibrosis stage. In addition, a higher level of PI-DR was found associated with older age at surgery, nonalcoholism, impaired hepatocyte replication measured by hepatocyte p21 Waf1/Cip1 labeling index (p21-LI), coexistence of LCC, and adjacent SCC. Multivariate analysis showed that PI-DR was independently associated with fibrosis stage, hepatocyte replicative arrest, age, and coexistence of LCC. By contrast, K7-DR only correlated with necroinflammation.
PI-DR, but Not Intratumoral HPC/Biliary Marker Expression, Is Associated With DFS
We then asked if these HPC-related features can predict OS or DFS without or with correcting for demographic, clinical, and pathologic parameters in the curative resection group (n = 70) ( Table 3) . In univariate analysis, the OS was significantly associated with MO, absence of AFP expression by the tumor, PI-DR, K7-DR, and PCNA-LI of preportal hepatocytes. DFS was associated with MO, microvascular invasion (MVI), NLR, necroinflammation score, and PI-DR, but not K7-DR. Thus, specific features of the tumor (MO and MVI) as well as markers of nontumor liver were associated with both OS and DFS on univariate analysis. The multivariate Cox proportional hazards models for OS and DFS are detailed in Supporting Fig. 3 . As Model A shown in Table 3 , MO, K7-DR, PI-DR, and absence of AFP remained significant predictors for OS. Histological grade of the ICC component showed a trend for association with OS (P = 0.057). By contrast, DFS was only associated with MVI and PI-DR.
Background "Progenitor Dominant" Regeneration Pattern Is Associated With Worsened DFS
In parallel to OV-6, AFP is an immature hepatocyte marker representing hepatocyte dedifferentiation that was expressed mostly in hepatocytes near parenchymal-stromal boundaries (Fig. 4A) . Scattered AFP-positive hepatocytes could also be observed in centrilobular and intermediate zones in some cases. However, double immunostaining showed that coexpression of AFP and OV-6 or EpCAM in hepatocytes was extremely rare (2/80, 2.5%) (Fig. 4A) . The observations were supported by the finding that OV-6 and AFP expression (IOD) in hepatocytes were inversely correlated (r = −0.343, P = 0.002, Fig. 4B ). Additionally, lower hepatocyte AFP expression is significantly associated with higher hepatocyte P21-LI (r = −0.337, P = 0.002). This finding supports the concept that progenitor activation and hepatocyte dedifferentiation are the two processes contributing to DR origin and related regeneration. 1, 25 We therefore classified the predominant liver regeneration pattern in each case based on the expression patterns of AFP and OV-6 in parenchyma as follows ( Fig. 4B): (1) OV-6 high AFP low were regarded as "progenitor dominant" regeneration; (2) OV-6 low AFP high were regarded as "dedifferentiation dominant" regeneration; (3) OV-6 low AFP low were regarded as "mild" regeneration; (4) OV-6 high AFP high were regarded as "progenitor/dedifferentiation synergistic" regeneration. In survival analyses within the curative resection group, the "progenitor dominant" regeneration pattern was associated with the poorest OS (Fig. 4D) , highest recurrence rate (Fig. 4E) , and was characterized by the greatest level of PI-DR (Fig. 4C) . In Model B (Table  3) , OV-6 expression in hepatocytes was an independent predictor for both OS and DFS. Thus, an OV-6 high AFP low background "progenitor dominant" regeneration pattern may help define a "field effect" that is strongly associated with DFS.
Tumoral HPCs Features Are Associated With Higher PI-DR: Proliferative DRs as a Field Effect
Intratumoral cells with an HPC/DR-like phenotype, 26 coexpressing HPC/biliary markers (e.g., K7, K19, OV-6, or EpCAM), and immature hepatocyte markers (e.g., AFP) were common by double immunostaining (53/80, 66.3%) (Fig. 5A ). As shown in Fig. 5B , we then found an interesting field effect that PI-DR in nontumor liver was associated with expression of several intratumoral HPC/biliary markers including K7 (P = 0.010), K19 (P = 0.037), OV-6 (P = 0.001), and c-Kit (P = 0.005), and also the number of K7+ HPC-like tumor cells (r = 0.232, P = 0.039) (Fig. 5C ). Increased PI-DR was also associated with a greater intratumoral proliferation index (PI-T) (P = 0.003).
MO of CHC Is Associated With Proliferative Activity in DR
The MO feature was observed in 32 patients, including six patients showing a "nodule in nodule" appearance. Univariate analysis (Supporting Fig. 6 ) showed that the presence of MO was associated with both higher PI-DR and OV-6 expression in nontumor sections. Patients with MO had smaller tumor size, consistent with MO described originally in early HCC. 10 By contrast, we found no association between MO and MVI. Multivariate analysis with the presence of MO as a dependent variable showed independent associations with PI-DR, tumor size, stage of fibrosis, and confluent multinodularity (Supporting Table 3 ).
Discussion
CHC is a rare malignant tumor accounting for less than 3% of all primary carcinomas in our department. Few data exist regarding predictors of recurrence risk after resection with curative intent in CHC. In our large cohort with long-term clinical follow-up, we identified a strongly significant relationship between nontumor periportal DR and overall survival in CHC after curative treatment. Furthermore, the risk of intrahepatic tumor recurrence after resection strongly correlated with the PI-DR. PI-DR appears to coincide with a field effect based on a noncancerous cellular responsiveness that predisposes to metachronous tumor recurrence in CHC.
In the course of various chronic liver diseases, HPCs residing within CoH can be activated for parenchymal repair. 20 DR is thought to consist of transit-amplifying progeny of hepatic progenitors. 27, 28 The PI-DR, which measures the proliferative capacity of a transitamplifying compartment, likely represents a surrogate marker of HPC activation because high levels of proliferation rate within DRs has been demonstrated in both oval cellmediated liver regeneration in an animal model 29 and human liver disease. 30 This hypothesis is supported by the strong correlation of PI-DR with HPC quantity (via enhanced HPC expansion) as well as with the number of K7+ IHBCs, a population thought to be derived from HPCs undergoing hepatocellular differentiation. That is also evidenced by PI-DR strongly correlating with quantification of OV-6-positive hepatocytes. Additionally, an association found between PI-DR and DR expressing Bmi-1, an important regulator of adult stem cell self-renewal and tumorigenesis, 31 potentially supports the progenitor function of DR.
HPC activation may be triggered by an increasing inability of hepatocytes to replicate due to aging 32 or due to replicative senescence as a results of mito-inhibition. 24, 33 In our study, both older age at the time of surgery and impaired hepatocyte replication were associated with PI-DR, further supporting our hypothesis. Because PI-DR was independently associated with recurrence risk in a cohort with curative intent, activation of HPCs may be one of the critical drivers of CHC recurrence.
Alternatively, not all DRs may be of HPC origin. 34 Dedifferentiation of mature hepatocytes into biliary epithelial cells, also described as "ductular metaplasia of hepatocytes," has been found to occur in some animal models. 35 It is difficult to rule out the possibility that ductular metaplasia of hepatocytes contributes to DRs in our observational study. We observed that intensive DRs in low proliferative activity were not usually in continuity with IHBCs that could potentially indicate the reverse process. 36 This hypothesis is supported by the observation that the presence of AFPpositive hepatocytes is associated with diminished replication arrest of hepatocytes and DR proliferation. Being separated from various HPC/ biliary markers, AFP expression in hepatocytes might be an additional marker of hepatocyte dedifferentiation predisposing to a ductular metaplasia. By categorizing the relative contribution of progenitor activation and hepatocellular dedifferentiation to regeneration patterns and evaluating the impact of the regeneration pattern on outcome, we identified that a "progenitor dominant" regeneration pattern, which is closely related with intensive transitamplifying DR, is associated with the poorest OS and DFS, helping define an HPC associated field effect that strongly correlates DFS.
Necroinflammation, one possible driving source of HPC activation, 37, 38 was also significantly associated with risk of intrahepatic recurrence in our study. However, PI-DR was associated with early recurrence, whereas hepatic inflammation was mainly predictive of late recurrence (Supporting Fig. 5 ), suggesting some degree of independence of these two mechanisms. The cross-sectional nature of our study precludes establishment of a causal association between HPC activation and CHC recurrence after resection with curative intent, but our data suggest that quantification of HPC activation may assist risk stratification for recurrence.
Recurrence may result from either intrahepatic metastasis from the main tumor by way of the portal system or multifocal tumorigenesis. 39 MVI, a risk factor for intrahepatic metastasis, was confirmed to be a strong predictor of recurrence. Independently from MVI, MO features frequently identified in HCC components may suggest a dominant feature of CHC. Increased recurrent risk of cases with MO features may be attributed to a high predisposition to metachronous multicentric recurrence. Interestingly, MO positively correlated with PI-DR, suggesting a potential relationship between transit-amplifying compartments and multicentric tumorigenesis. That was supported by a correlation between PI-DR and coexistence of small cell change, which is thought to be a precancerous lesion of HCC. Although the evidence from humans is still fragmentary, HPC/DR is an attractive candidate as a tumorigenic target or stimulus. A "maturation arrest" mechanism suggesting participation of transit-amplifying HPC in carcinogenesis through malignant transformation has been well documented. Libbrecht et al. 40 described a close association between HPC marker expression and preneoplastic lesion of HCC. Recently, an increased risk of hepatocarcinogenesis in HCV-infected patients whose biopsies showed foci of IHBCs may have common mechanisms with our proposed progenitor dominant regeneration with highest recurrence risk. 36 Alternatively, Lennerz et al. 41 found a vanishing of DR with stepwise hepatocarcinogenesis in cirrhotic liver that may suggest the involvement of DR in HCC development, a novel hypothetical mechanism that DR may contribute to the generation of cancer-associated fibroblasts cross-talking with the microenvironment. These studies and our findings cumulatively suggest HPC activation may contribute to liver cancer recurrence by driving "field cancerization." 42 Thus, hepatic progenitor cells may be a doubleedged sword promoting both liver regeneration and carcinogenesis in humans.
Mechanistic interpretation of our recurrence data is limited because few resections of recurrent tumor were performed. Of the seven patients who received repeat hepatectomy for recurrence more than 12 months after their initial surgery, four were found to have heterologous tumor phenotypes (two ICC, one HCC, one HCC with biliary differentiation). These possible metachronous primary tumors that arose most likely as a consequence of the hepatic inflammatory microenvironment may also have been of HPC origin. An indepth study of a large clinical series with repeat hepatectomy after K19+ HCC recurrence has been initiated to explore the associations among progenitor cells and synchronous and metachronous occurrence.
It has long been controversial that CHCs are derived from HPCs. To date, direct evidence that tumors with mixed features are derived from HPCs/oval cells came only from rodent studies. 31, 43 Prior evidence from human studies was limited and/or speculative. 5, 8 The greatest evidence in humans that liver malignancy are of HPC origin has been the demonstration of a high frequency of expression of HPC/stem cell markers and an associated poorer prognosis. 2, 4, 44 In this study, the notion "field effect" we have extended, which is a morphological and statistical correlation between nontumor HPC activation and intratumoral heterogeneity, has strengthened this association. Although this remains to be further identified, the extended "field effect" notion may be equivalent or attributed to the "model of reciprocal heterotypic signaling" reviewed recently. 45 The lack of association of prognosis and intratumoral HPC/biliary markers expression suggests that the poor prognosis of tumors with HPC features is not only due to aggressive tumor biology, but also due to the transitamplifying HPCs related field effect in nontumor liver associated with subsequent tumor development.
In conclusion, various factors contribute to OS and DFS of patients with CHC after resection with curative intent. Background transit-amplifying components may act as an internal mechanism contributing at least in part to CHC recurrence by promoting MO. Our findings provide a potential interpretation of how DRs/HPCs activation in nontumor tissue contribute to the risk of recurrence of CHCs, further indicating HPCs as a possible target of carcinogenesis from a clinical aspect, and also suggesting that HPCs may act as potential therapeutic target to prevent recurrence of CHC, for instance, with interferon-based treatment. 46 However, further study is warranted.
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Refer to Web version on PubMed Central for supplementary material. Flow chart of patient enrollment, grouping, and follow-up. Bmi-1-negative staining in nontumor portal area (scale bar = 50 μm). (B) Sequential sections that stained with EpCAM (left) and PCNA (middle) is presented. In the EpCAM staining section, an EpCAM + HPC (black arrow) and a cluster of EpCAM + hepatocytes (white arrow) shows membranous staining. A weak cytoplasmic staining can also be observed. In a high-power field of PCNA staining (right), positive nuclear staining of PCNA can be observed (black arrowhead) in parenchyma, whereas a bile duct (BD) shows no staining (white arrowhead) (scale bar = 50 μm). (C) Scatterplot with fitting line shows PI-DR strongly correlates with OV-6+ hepatocytes measured by IOD in parenchyma (upper left) and K7+ HPCs counting (upper right). Pearson correlation analysis provides correlation coefficient (r) and P-value. A split scattergram with fitting line shows PI-DR correlates with semiquantification of IHBCs in nontumor parenchyma (lower left). Spearman correlation analysis provides correlation coefficient (r) and P-value. Means with SEM error bars of PI-DR at subgroups without or with Bmi-1 staining in DR are shown (lower right). P-values were corrected for overall hepatocytes proliferation, total necroinflammation score, fibrosis stage, age at surgery, status of virus infection, gender, and chronic alcoholism. Liver regeneration patterns defined by OV-6 and AFP expression in nontumor parenchyma are associated with both OS and DFS. (A) AFP and OV-6/EpCAM coexpression hepatocyte is rare in nontumor tissue. Double-immunofluorescence staining for OV-6/AFP or EpCAM/AFP is shown. Because AFP shows cytoplasmic staining and OV-6 shows both cytoplasmic and membranous staining, the colocalization appears to be yellow (yellow arrow). Colocalization is not ascertained (white arrow) for hepatocytic AFP and EpCAM because it is impossible to exclude the possibility that membranous staining of EpCAM is Table 2 Correlation Hepatology. Author manuscript; available in PMC 2015 September 28.
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